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PROBLEM TO BE SOLVED: To provide a method for decreasing eluviation of heavy metals, especially 
lead, As and Cd in solid waste substance contaminated by heavy metals and can be classified as 
nonhazardous substances in the case where tested in a natural or simulated water eluviating condition. 
SOLUTION: A method is provided for manufacture of nonhazardous reduced heavy metals to be 
eluviated from solid waste substance or material containing the heavy metals when tested in a water 
eluviation test including that the solid waste substance or material is brought in contact with a phosphate 
having arsenic and/or cadmium existing therein and derived naturally, and a precipitant of arsenic and/or 
cadmium under conditions wherein heavy metals and arsenic and/or cadmium which exist in the 
phosphate, when the water eluviation test is carried out for the waste substance or material, are 
precipitated as a product more difficult to be dissolved than heavy metals, arsenic and/or cadmium which 
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METHOD FOR TREATMENT OF SOLID WASTE TO 
REDUCE WATER LEACHING POTENTIAL 



5 BACKGROUND OF THE INVENTION 

Over the past twenty years, the potential dangers of heavy metal bearing and 
sometimes hazardous waste, and in particular, heavy metals such as lead, arsenic, 
chromium, copper, cadmium and zinc have been the subject of community pressure, 
public awareness and ever stricter regulatory control in order to reduce or eliminate the 
1 0 dangers to people directly and to the surrounding environment. 

The leaching of heavy metals, and lead particularly, into groundwater is a grave 
concern because of the danger that the drinking water supplies and the environment will 
become contaminated. The leaching of heavy metals from most soil and wastes results 
from their solubilization into rainwater or surface waters; not necessarily from leaching 
15 from a solid waste landfill leaching environment as waste regulations in United States 
consider. 

Solid wastes are classified as hazardous by the United States Environmental 
Protection Agency (U.S. EPA) pursuant to 40 C.F.R. Part 261. Any solid waste can be 
defined as hazardous either because it is "listed" in 40 C.F.R., Part 261 Subpart D or 
2 0 because it exhibits one or more of the characteristics of a hazardous waste as defined at 
Part 261, Subpart C. These characteristics are: (1) ignitability, (2) corrosivity, (3) 
reactivity, and (4) toxicity. 40 C.F.R., Part 261.24(a), contains a list of contaminants 
and their associated maximum allowable concentrations. If a contaminant, such as lead, 
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exceeds its maximum allowable concentration, when tested using the Toxicity 
Characteristic Leaching Procedure (TCLP) analysis as specified at 40 C.F.R. Part 261 
Appendix 2, then the material is classified as hazardous. The TCLP test uses a dilute 
acetic acid either in deionized water, TCLP fluid 2, or in deionized water with a sodium 
5 hydroxide buffer TCLP fluid 1, both extracts attempting to simulate the leachate of a 
decomposing trash landfill in which the hazardous waste being tested for is assumed to 
be disposed of in and thus subject to the acetic acid leaching condition. Waste 
containing leachable lead (Pb) is currently classified as hazardous waste due to the 
toxicity characteristic, if the level of lead extracted in a TCLP analysis is above 5.0 

10 milligrams per liter (mg/L) or parts per millions (ppm). The TCLP test is designed to 
simulate a worst case leaching situation, that is leaching conditions which would 
typically be found in the interior of an actively degrading municipal landfill. Such 
landfills normally are slightly acidic with a pH of approximately 5±0.5. 

Additionally, U.S. EPA land disposal regulations (LDR) prohibit the land 

1 5 disposal of solid wastes which leach in excess of these maximum allowable 

concentrations upon performance of the TCLP analysis. The land disposal regulations 
require that these wastes are treated until the heavy metals do not leach from the solid 
waste at levels above the maximum allowable concentrations prior to placement in a 
surface impoundment, waste pile, landfill or other land disposal unit as defined in 40 

2 0 C.F.R. 260.10 Most recent LDR levels for Pb TCLP are 0.75 parts per million (ppm) 
and Cd is 0.11 ppm. 

In addition, various states also have promulgated regulations which place special 
disposal requirements on solid waste which do not leach at concentrations that exceed 
the TCLP criteria but do leach above certain other criteria or under different leaching 

2 5 conditions. For example, the State of Texas classifies solid wastes which leach lead 

between 1.5 mg/L and 5.0 mg/L under the TCLP analysis as a non-hazardous, Class 1 
solid waste. Special disposal requirements are placed on these wastes which are more 
costly than if the TCLP results are less than the 1.5 mg/L. Therefore, the goal of solid 
waste treatment can often be to obtain TCLP leaching results much lower than the 

3 0 hazardous criteria of 5.0 mg/L as tested under these landfill leaching conditions. 
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U.S. Patent No. 5,202,033 describes an in-situ method for decreasing heavy 
metal TCLP leaching from solid waste using a combination of solid waste additives and 
additional pH controlling agents from the source of phosphate, carbonate and sulfates. 
U.S. Patent No. 5,037,479 discloses a method for treating highly hazardous 
5 waste containing unacceptable levels of TCLP leachable metals such as lead by mixing 
the solid waste with a buffering agent selected from the group consisting of magnesium 
oxide, magnesium hydroxide, reactive calcium carbonates and reactive magnesium 
carbonates with an additional agent which is either an acid or salt containing an anion 
from the group consisting of Triple Superphosphate (TSP), ammonium phosphate, 
1 0 diammonium phosphate, phosphoric acid, boric acid and metallic iron. 

U.S. Patent No. 4,889,640 discloses a method and mixture from treating TCLP 
hazardous waste, including lead, by mixing the solid waste with an agent selected from 
the group consisting of reactive calcium carbonate, reactive magnesium carbonate and 
reactive calcium magnesium carbonate. 
15 U.S. Patent No. 4,652,381 discloses a process for treating industrial waste water 

contaminated with battery plant waste, such as sulfuric acid and heavy metals by 
treating the waste waster with calcium carbonate, calcium sulfate, calcium hydroxide to 
complete a separation of the heavy metals. However, this is not for use in a solid waste 
situation. 

20 

SUMMARY OF THE INVENTION 

This invention is based upon the discovery by Applicant that treatment of lead 
contaminated soil with a phosphate can reduce the leachability of lead, under natural 
conditions or simulated water leaching tests, to levels that are permissible by waste 

2 5 regulations. Surprisingly, although the phosphate treated soil passed a water leaching 

test for lead, a significant number of soil samples failed the same water leaching test for 
arsenic (as) and/or cadmium (Cd). It was discovered by Applicant that failure of the 
water leaching test for As and Cd was attributable to the addition of these heavy metals 
as naturally occurring contaminants in the phosphate. Thus, use of phosphate, 

3 0 containing naturally occurring heavy metals such as As and Cd, alone to reduce lead 
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leaching can cause levels of As and Cd to rise over maximum allowable concentrations 
dictated by state and/or national environmental regulations. Such contamination has not 
heretofore been appreciated by those in the industry and thus the problem to be solved 
and its solutions described herein are novel discoveries of Applicant. 
5 In view of the problem, there are several solutions, some of which are 

economically burdensome. Industrial, technical and agricultural grade phosphates are 
economically the only feasible sources of phosphates, particularly for large waste sites. 
It is therefore essential to provide a method for compensating for other heavy metals, 
particularly As and Cd that are naturally present in these phosphate forms. The 

1 0 invention described herein allows for such compensation caused by contaminating 

levels of As and Cd. An alternative approach would be to use sources of phosphate that 
are essentially free of heavy metals, such as bone phosphate, dicalcium phosphate, food 
grade phosphoric acid and non-acidulated phosphate rock. The problem of As and Cd 
contamination of the waste is altogether eliminated by the use of food grade phosphoric 

1 5 acid (As and Cd have been removed) or non-acidulated phosphate rock (As and Cd not 
leachable) but the cost of their use may be economically prohibitive, especially on large 
scale waste sites. 

Accordingly, this invention relates to the treatment of heavy metal contaminated 
wastes or materials, including soils and solids, that are subject to water leaching under 
2 0 natural conditions or simulated water leaching tests such as the Japan water leach test, 
Swiss sequential water leach test and ANSI 16. 1 sequential deionized water leach test. 
The invention pertains to a method for reducing leaching of heavy metals, particularly 
lead, As and Cd, in solid wastes contaminated with heavy metals, such that the waste 
when tested under natural or simulated water leaching conditions will not leach the 

2 5 heavy metal(s) and can be classified as non-hazardous. The method comprises 

contacting a heavy metal containing material or waste with a phosphate and an arsenic 
or cadmium precipitating agent to render the heavy metals including As and Cd less 
soluble than the heavy metals originally in the material or waste, as determined by a 
water leaching test performed on the material or waste. In preferred embodiments, the 

3 0 phosphate is Triple Superphosphate and the precipitating agent comprises an iron 
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source, for example polyferric sulfate, ferric sulfate, sulfides or Portland cement. The 
combination of phosphate and As and/or Cd precipitating agent allows for the correction 
of trace amounts of As and/or Cd that are naturally present in the phosphate, by causing 
leachable As and Cd to form water insoluble precipitates that are not leachable under 
5 water leaching tests. 

In another embodiment, reduction of cadmium leaching can be augmented by 
using a combination of phosphate, As or Cd precipitating agent and buffering 
compound to adjust the pH of the waste or material to between about pH 9 to about pH 
10. Suitable buffering agents include lime and magnesium oxide, among others know 

10 to those in the industry. 

The present invention reduces the teachability potential of heavy metals such as 
lead, arsenic, cadmium, copper and zinc under water leaching conditions, thus assuring 
safe management of stabilized wastes subject to water, rainwater or surface leaching 
conditions, either during storage, transport, reuse or disposal and also considers the end- 

1 5 product of stabilization as to stability and safety. The invention is particularly useful for 
reducing leaching of heavy metals under non-landfill conditions such as open industrial 
sites, waste storage cells, waste piles, waste monofills and under regulatory tests which 
attempt to simulate water leaching for determination of hazardousness of any given soil, 
material or waste. 



2 0 DETAILED DESCRIPTION OF THE INVENTION 

The present invention involves the treatment of solid waste to reduce its 
leachability under water leaching procedures by the addition and mixing with a 
treatment additive chosen by considering (1) the chemical and physical regulatory 
criteria; (2) the physical characteristics of the waste itself, e.g., particle size distribution, 

2 5 organic content and clay content; and (3) the wastes ability to reduce metals leachability 
and the desired regulatory or water leaching levels. 

The present invention provides a method for reducing the leachability of heavy 
metals under rainwater and surface water leaching conditions as well as under 
regulatory water extraction test conditions as defined by waste control regulations in 
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Japan, Switzerland, Germany, Sweden, The Netherlands and under American Nuclear 
Standards for sequential leaching of wastes by deionized water. Prior art additives and 
mixtures have focused only on reducing the leachability of the metals under TCLP 
landfill leaching conditions without regard to rainwater and water leaching conditions. 
5 Many methods patented for TCLP waste stabilization cause increases of leaching 
potential for amphoteric metals such as lead when exposed to water leaching 
environments or cause increases of acidity or alkalinity levels in the soil or waste treated 
to a degree which results in water environment leaching or adverse impacts of waste 
exposure in the open water leaching environment. Simply put, by treating to TCLP test 

1 0 levels only, many treatment methods create a real- world leaching condition of stabilized 
waste which is no better than the original untreated waste character. Often designers 
have selected stabilization recipes according to cost and TCLP criteria only without 
giving consideration to the overall risk potentials of the waste under all handling 
conditions. The present invention provides methods for reducing leaching of heavy 

1 5 metals, particularly lead, As and Cd, by taking into consideration how the leaching of 
metal in waste is impacted under water leaching conditions. 

Phosphate sources suitable for use in the present invention include, but are not 
limited to phosphoric acids, salts of phosphoric acids, P 2 O s , combinations thereof and 
compositions containing one or more non-phosphate components in addition to 

2 0 phosphoric acid(s), phosphoric acid salt(s) and/or P 2 O s . Examples of such suitable 
compositions, containing one or more non-phosphate components, include Triple 
Superphosphate (TSP), superphosphate, single superphosphate (SSP), phosphoric acid, 
phosphate rock, green phosphoric acid, amber phosphoric acid and phosphoric acid co- 
product solution resulting from the chemical polishing or finishing of aluminum, which 

2 5 includes phosphoric acid and typically nitric acid and/or sulfuric acid. Suitable 

phosphoric acids include orthophosphoric acid, hypophosphoric acid, metaphosphoric 
acid and pyrophosphoric acid. Salts of phosphoric acids include, for instance, 
monoammonium phosphate, diammonium phosphate, disodium hydrogen phosphate, 
trisodium phosphate and combinations thereof. The amount of phosphate applied to the 

3 0 soil or waste will depend upon the degree of heavy metal (e.g. lead) contamination. The 
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amount can be readily ascertained by the skilled artisan using a water leaching test to 
determine the level of leachable lead or other heavy metal present. In general the 
percentage by weight of the phosphate to the solid waste being stabilized can range 
from 0.1% to 10% and the percentage by weight of the reducing agent to the solid waste 
5 can range from 0.5% to 20%. In a preferred embodiment, about 0.5% by weight 

phosphate (e.g., TSP) is adequate to pass most water leaching tests for lead. Depending 
upon the grade of phosphate chosen, the phosphate may contain naturally occurring 
arsenic and/or cadmium precipitating agent, such as naturally occurring ferric 
complexes. In this instance, it may not be necessary to physically add the arsenic and/or 

1 0 cadmium precipitating agent. The presence of arsenic and/or cadmium contaminants 
can be corrected for by the presence of the arsenic and/or cadmium precipitating agent 
naturally contained in the phosphate. 

The phosphate can be used singly or in combination with other precipitating 
agents such as silicates, sulfides, lime and oxides to stabilize other heavy metals in 

15 addition to lead, such as cadmium, mercury, arsenic and zinc. 

Any precipitating agent that can form insoluble arsenic or cadmium precipitates 
can be used herein and are readily known to the skilled artisan. The amount of 
precipitating agent is determined by contacting the heavy metal containing solid waste 
or material with a precipitating agent and determining the degree of leaching using a 

2 0 water leaching test. Examples of suitable As and/or Cd precipitating agents include, but 
are not limited to, ferric sulfate, ferric sulfide, polyferric sulfate, polyferric sulfide and 
Portland cement. The purpose of the precipitating agent is to form a water insoluble 
complex/precipitate of arsenic and/or cadmium. Thus, the amount of this precipitating 
complexing agent added to the soil or waste should be that which is suitable to reduce 

2 5 the leaching of As and/or Cd to within maximum permissible regulatory levels, e.g., less 

than 10 ppb for the Japan water leaching test, through the formation of water insoluble 
precipitates/complexes. The amount of As and/or Cd precipitating agent will also 
depend upon the iron content present in the waste or present in the precipitating agent if 
using an iron-containing precipitating agent. For example, Portland cement contains 

3 0 less iron than ferric sulfate or sulfide and thus more will be required. A preferred 
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amount of iron-containing complexing agent will be equal to or less than the amount of 
phosphate on a molar basis, e.g., from about 1% to about 10% by weight relative to the 
phosphate loading. It may not be necessary to use an As or Cd precipitating altogether 
if the waste or material to be treated contains iron or other agents know to precipitate As 
5 and/or Cd. Thus, it is necessary to establish a baseline measurement of the metal 

content of the material or waste prior to phosphate treatment to ascertain the optimum 
method for stabilizing heavy metal contained in the waste or material. 

Contaminated waste or material is intended herein to embrace any solid 
containing heavy metal(s) that are leachable under water leaching conditions. Water 

1 0 leaching conditions are defined herein to mean the solubilization of heavy metal(s) from 
the waste or material containing the heavy metal(s) by natural means (e.g., rainwater or 
surface waters) or simulated water leaching conditions (e.g., regulatory water leaching 
tests such as for example those listed above). 

Material or waste stabilization is herein defined as reducing the leaching of 

1 5 heavy metal, particularly lead, from a heavy metal bearing material or waste, as 

determined by performing a water leaching test in the material or waste. It should be 
recognized that the heavy metal bearing material need not be a waste but can be any 
material containing heavy metal in which it is desirable to stabilize the heavy metal 
therein. The material can ultimately become waste. Wastes suitable for stabilization, 

2 0 according to the method of the invention, typically include solids in waste streams (e.g., 
a material in liquid or dry form from industrial processing that is commonly subjected 
to waste disposal), waste piles and material that will be further processed from one 
waste form to another. In a waste stream, the solid waste can optionally be entrained in 
a liquid or a gas. Wastes stabilizable by the methods of this invention include various 

2 5 types of waste materials from which heavy metals can leach when subject to natural 

leaching, runoff, distilled water extraction, sequential extraction acetic acid, TCLP 
and/or citric acid leaching or extraction. Examples of such heavy metal leachable 
wastes include for instance, wire chop waste, auto shredder fluff, sludges from 
electroplating processes, municipal sludge, sand blast waste, arc dust collectors, cupola 

3 0 metal furnaces, soils (e.g., rifle range dirt, municipal sludge, solid waste, sewage 
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sludge, foundary sand), open industrial sites, waste piles, waste storage cells, waste 
monofills, landfills, refuse incinerator ash (e.g., scrubber or filter ash), smelter ash, fly 
ash (e.g., steel dust flyash). 

If the waste material is a refuse incinerator scrubber or filter ash, smelter ash, 
5 steel dust flyash or waste material which is alkaline in nature due to addition of calcium 
oxides for acid gas control, then heavy metal precipitating agents such as phosphates 
may be selected in an acid form to reduce the high pH of the waste under the water 
leaching condition. Conversely, acid wastes may be applied with alkaline buffering 
agents such as dolomitic lime or magnesium oxides to assure that the stabilized waste 

10 has sufficient alkalinity under water leaching conditions to avoid water solubility of 
base metals such as cadmium and leach which leach at low pH conditions. 

If a physical criteria of strength or agglomerate character cannot be met with the 
precipitating additive alone, then Portland Cement (PC) can be added to provide the 
cementatious agglomeration of waste fine particles or cementing of the waste matrix. 

1 5 The addition of cement would also provide leaching inhibiting conditions that may 

prove beneficial in reducing the overall stabilized waste test results, yet great care must 
be taken when using Portland cement or other lime reagents to assure that the calcium 
oxide availability and resulting hydroxide concentration does not induce water leaching 
of amphoteric metals such as Pb at pH levels in water of above about 10.5. 

2 0 It is understood that the phosphate and the As and/or Cd precipitating agent can 

be added to the material or waste either separately, concurrently, in combination, 
sequentially, intermittently, or in any other sequence or order. It is also understood that 
the phosphate and/or precipitating agent can be added to the material or waste as solids, 
in aqueous solution or in a slurry. Furthermore, the phosphate and precipitating agent 
25 can be contacted with the material or waste without mixing, or optionally, with mixing. 
In this method, the phosphate and precipitating agent can be applied during 
waste generation, applied to waste contained in a waste stream and/or applied to waste 
stored in a waste pile. In one embodiment, a phosphate and precipitating agent are 
added to the source of a heavy metal bearing waste prior to generating said lead bearing 

3 0 waste. For example, phosphate and precipitating agent can be sprayed, coated, added, 
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mixed or otherwise contacted with copper wire insulation before chopping the copper 
wire, thereby producing a stabilized heavy metal bearing waste. 

In another embodiment, phosphate and precipitating agent are coated onto 
equipment which produces the material or waste. For example, phosphate and 
5 precipitating agent can be sprayed, coated or otherwise contacted with wire chopping 
equipment, prior to, or during operation. This enables one to stabilize the heavy 
metal(s) in-situ or in-line. 

In yet another embodiment, phosphate and precipitating agent are contacted with 
waste contained in a waste stream, typically without restricting the free flow of the 

1 0 waste stream. For example, phosphate and precipitating agent can be directed onto or 
into waste in a free flowing waste stream by injection, spraying, coating or other 
suitable means. Alternatively, phosphate and precipitating agent can be coated onto 
equipment which directs and/or transports waste in a waste stream. For example, 
phosphate and precipitating agent can be sprayed, coated or otherwise contacted with 

1 5 equipment for conveying wire chop waste, such as a screw conveyor, prior to or during 
equipment operation. Further, for incinerator units, a phosphate and precipitating agent 
can be sprayed, coated or otherwise contacted with gas/solid separators, for separating 
solids from combustion gases, such as cyclone separators or vortex separators, thereby 
treating the solid waste while separating the solid waste from the gaseous waste product. 

2 0 In a further embodiment, phosphate and precipitating agent can be contacted 

with waste contained in a waste pile. Typically, the phosphate and precipitating agent 
are added to the surface of the waste pile. Optionally, the phosphate and the 
precipitating agent are directed into the waste pile. Suitable means for directing the 
phosphate and precipitating agent into the waste pile include, for instance, tilling and/or 

2 5 irrigation with surface or subsurface water sprays or water injection. If mixing through 
tilling, the phosphate and precipitating agent are usually mixed into the waste pile to a 
depth of about one to three feet. 

The invention is further illustrated by the following examples which are not 
intended to be limiting in any way: 
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EXAMPLES 

Example 1 

Pulverized Triple Superphosphate (0.5% by weight) was tilled into 148 cells 
(100 ft x 100 ft) containing lead contaminated soil obtained from various industrial 
5 operations. The soil was then subjected to the Japanese water leaching test and the 
levels of lead, arsenic and cadmium were measured and compared to baseline 
measurements taken prior to the phosphate addition. The phosphate treated soil passed 
the leaching test for lead, but only 66% of the cells passed the water leaching test for 
arsenic. The level of arsenic permissible in Japan is less than 10 parts per billion (ppb). 
10 Cell samples that failed the water leaching test for arsenic contained from about 13 to 
about 15 ppb arsenic. There were no detectable levels of arsenic and cadmium prior to 
phosphate addition. After phosphate addition, cadmium levels increased but did not 
exceed the regulatory limits. 

Example 2 

1 5 Table 1 shows the compilation of water leach test data obtained in a treat ability 

study using samples of solid wastes obtained at various waste disposal sites, and 
corresponding reduction of leaching potential from said wastes by the addition of heavy 
metal precipitating agents such as TSP, SSP, Coproduct phosphoric acid solution 
(COP), MGO, silicate, sulfates, sulfides, and dolomitic lime either alone or in 

2 0 combination or with the chromium reducing agent Ferrous Sulfate (FS). Certain 

combinations of precipitating agents, in particular phosphates and silicates, were found 
highly effective at controlling Pb solubility. For a specific solid waste, the appropriate 
ratio of heavy metal precipitating and reducing agents to solid waste may be arrived at 
by experimentation under evaluation of both the water regulatory test procedures and 

2 5 water field leaching conditions. 
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TABLE 1 





SAMPLE 


Water (ppm) i 
Pb - Cd - Cr* 6 - dH 


TCLP (ppm) 

Pb j 




ocruDuer ami 


186 - 0 06 - ND - 12.1 


56.0 




A (5% TSP) 


D^-.Z - iNJLJ - IN-L/ - IZ.H 


24 5 


a 
b 


Jt> \p /o tur ; 


12 8 - ND - ND - 10.7 


5.8 






156 9 - ND- ND - 12.6 


4.6 




U /o IN o ^ 


42 8 - ND - ND - 12.3 


23.6 




A 4- P 


35 0 - ND- ND - 12 5 


1.3 




A in 


4 9 -ND -ND - 12 1 


26 


10 


B 4- D 


o o XTTl XTPi if) Q 
Z.Z - INU - 1NJL/ - IVJ.!7 


4 7 




dmalfar A cfi 

ameiier a»u 


32 6 - NT - NT - 10.3 


39.7 




J\ yZ /o 1 or ^ 


4 2 - NT - NT - 10 5 

T • j— X ^1 X X T -1. 1. \J % —r 


18.3 






27 - NT - NT - 12 3 

X > X J. 1 X A ■»— • — 


4.9 




r 1 ooz. xtq^ 

/o IN o ) 


4 7 - NT - NT - 1 1 1 

. / J- ~ X X ^ X XX. X 


19.9 


15 


D (10% CAO) 


D'ko - IN 1 - INI - lJ.1 


3 6 




"P 00/ XT A 

r!/ \L /o 1N/VoJ_ 


0 4 


4.8 




RHTo DnnOP Flirt 


22 - NT - NT - NT 


76.8 




A /^o/ T^P^ 


2.3 


NT 




r> no/ MQ^ 
r> /o IN o ) 


2.6 


NT 


2 0 




0 01 


NT 




C (15% CAO) 


45.8 


4.4 




Soil Contaminated 


21.0 - NT - 61 - 6.7 


56 




A (3% FS) 


18.5 -NT -12 -6.3 


63 




B (1% TSP) 


5 - NT - 56-7.1 


23 


25 


C(0.1%NS) 


14 -NT -61 -8.5 


44 




A + B 


3.2 -NT -4 -6.9 


14 




A + B + C 


0.05 - NT- ND- 8.3 


7.6 



N^ = not tested 
ND = not detected 
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The data in Table 1 discloses that acceptable water leaching criteria were 
obtained when solid waste is mixed with heavy metal precipitating agents such as TSP, 
silicate, sulfides and ferrous sulfate reducing agents. In some cases the combined 
precipitating effect of phosphate and silicate were required to lower the water leaching 
5 of heavy metals to allowable regulatory leaching ppm levels. In several cases it has been 
shown that the recipe suitable for TCLP passage was not suited for control of heavy 
metals under water leaching and that some chemical recipes for TCLP reduction of Pb 
can increase the leaching of lead tested under a water extraction method. Each sample 
of solid waste was prepared for testing by drying and weighing the sample, by adding 

1 0 between 0. 1 0 and 1 0.0 percent by dry weight of heavy metal precipitating agents such 
as TSP, sodium silicate, sulfides, dolomitic lime to each sample, and by adding between 
0 percent to 5.0 percent by dry weight of Ferrous Sulfate as a Cr +6 reducing agent 
depending on the wastes Cr +6 initial composition. 

It has been found that a combination of ferrous sulfate monohydrate (FeS0 4 ° 

1 5 H 2 0) or ferrous sulfate heptahydrate (FeS0 4 ° 7 H 2 0) and calcium bearing phosphates 
such as pulverized triple superphosphate, or green acid phosphate containing phosphoric 
acid, sulfuric acid and calcium sulfate (in combination with Fe and Al salts) has the 
effect of reducing Cr +6 (hexavalent chromium) to Cr* 5 (trivalent chromium) while also 
substituting Cr +3 into a mineral apatite of phosphate and thus reducing Cr solubility, as 

2 0 measured under TCLP and water leach tests such as the 6-hour Japanese method and 
48-hour Swiss water method. Past methods have used ferrous sulfates and lime for 
reduction of Cr +6 in soil (Stanforth, U.S. Patent Nos. 4,889,640, 4,950,409, 5,202,033), 
yet have not produced the highly stable Cr substituted apatite. It has also been observed 
that the presence of ferrous sulfate, particularly present in excess, can control the 

2 5 leaching of hexavalent chromium as well as controlling leaching of arsenic, i.e. reduced 
form of ferrous sulfate can precipitate the arsenic. 
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TABLE2 
SOIL CONTAMINATED WITH CR 



Reducing Agents 


Hexavalent Cr 


Total Cr (ppm) TCLP 


FeS0 4 °H 2 0 1% 


16.0 


66.5 


FeS0 4 o H 2 0 5% 


O.05 ND 


16.0 


FeS0 4 (5) + CaO (1) 


ND 


6.5 


FeS0 4 (5) + TSPP (1) 


ND 


0.35 


FeS0 4 (l) + TSPP(l) 


ND 


0.10 


FeS0 4 + HP 3 (1) 


ND 


ND 



1 0 While this invention has been particularly shown and described with references 

to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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CLAIMS 

I claim: 

1 . A method for producing a non-hazardous and reduced heavy metal leaching 
from a heavy metal containing solid waste or material as tested under a water 
5 leaching test, comprising contacting said waste or material with a phosphate 

having naturally occurring arsenic and/or cadmium present therein and an 
arsenic and/or cadmium precipitating agent, under conditions such that the 
heavy metal and the arsenic and/or cadmium present in the phosphate are 
precipitated into product that is less soluble than the heavy metal, arsenic and/or 
10 cadmium originally in the waste and phosphate, as determined by a water 

leaching test performed on said waste or material. 



2. The method of Claim 1 wherein the phosphate is selected from the group 
consisting of Triple Superphosphates, superphosphates, phosphoric acid, 
phosphate rock, waste phosphoric acids, green phosphoric acids, amber 

15 phosphoric acids, and Coproduct phosphoric acid and sulfuric acid mixtures 

derived from aluminum finishing operations. 

3. The method of Claim 1 wherein the water leaching test is the Japan, 
Switzerland, German and ANSI 16.1 water leaching test. 

4. The method of Claim 1 wherein the arsenic and/or cadmium precipitating agent 
2 0 is selected from the group consisting of ferric sulfate, ferric sulfide, polyferric 

sulfate, polyferric sulfide and Portland cement. 

5. The method of Claim 1 wherein the phosphate and arsenic and/or cadmium 
precipitating agent are added to the waste or material separately, concurrently, 
sequentially or intermittently. 



25 6. 



The method of Claim 1 wherein the heavy metal containing waste is contained 
in a waste pile. 
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7. The method of Claim 1 wherein the phosphate and/or precipitating agent are 
contacted with the heavy metal containing waste or material by spraying, tilling, 
mixing or coating. 

8. The method of Claim 1 wherein the waste is soil. 

5 9. A method for producing a non-hazardous and reduced heavy metal leaching 
from a heavy metal containing solid waste or material as tested under a water 
leaching test, comprising contacting said waste or material with a phosphate that 
is essentially free of heavy metal (e.g., arsenic and/or cadmium), under 
conditions such that the heavy metal is precipitated into product that is less 
1 0 soluble than the heavy metal originally in the waste, as determined by a water 

leaching test performed on said waste or material. 

10. The method of Claim 9 wherein the phosphate agent is bone phosphate, 

dicalcium phosphate, non-acidulated phosphate rock, food grade phosphoric acid 
or combinations thereof. 
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METHOD FOR TREATMENT OF SOLID WASTE TO 
REDUCE WATER LEACHING POTENTIAL 

ABSTRACT OF THE DISCLOSURE 

This invention provides a method for treatment of heavy metal bearing wastes 
5 or materials subject to water leaching tests or water leaching conditions, including soils 
and solids, by addition of phosphate to reduce heavy metal leaching and arsenic or 
cadmium precipitating agent to reduce leaching of arsenic and/or cadmium, such that 
the water leaching potential is inhibited to desired levels. The resultant waste after 
stabilization of the heavy metals contained in the waste is deemed suitable for reuse or 
1 0 disposal as non-hazardous waste. 
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